A disaggregated analysis of the allocation of time within the household Kooreman, P.; Kapteyn, A.J. Bestemmin TIJDSC~-IP,IFTENBUREAU 9~BIBLI:~~H GEK K~-~Tf-í;:?.IF KE HOGESCH`:OL TiLBURG subfaculteit der econometrie RESEARCH MEMORANDUM FEW 153 A disaggregated analysis of the allocation of time within the household.
The classical paper by Becker (1965) has greatly enhanced economists' interest in the analysis of the allocation of tíme. In Becker's household production theory the household is assumed to behave as if it maximizes a utility function defined over commodities, where these commodities are produced by the household using market goods and time as inputs. By maximizing the utility function subject to the technology, the time and the income constraints, the demand for market goods, the allocation of non-market time and the household labor supply are determined simultaneously.
However valuable the household production framework may be from a theoretical viewpoint, its empirical applicability is rather limited.
The main reason for this fact is that without having data on the commoditíes produced by the household, which is usually the casel), it is generally impossible to disentangle the effects of tastes and technology on observed behavior (cf. Pollak and Wachter, 1975) . Therefore, models of goods and leisure demand (or equivalently labor supply) usually start from a utility function with goods and leisure as arguments.
During the last few years a number of empirical studies have been published on labor supply and the joint determination of labor supply and demands for goods. However, there are only a few empirical studies which focus on the allocation of time among different activities and even fewer that do so within a neoclassical household utility maximization framework. Where the lack of data might have been an explanation for this fact ten years ago, there are now a number of micro-economic data sets available containing detailed information on how people use their time as well as information on income, wages etc. One of these data sets, the Michigan Survey "Time use in economíc and social accounts", conducted in 1975-6, will be used in this paper.
To the extent that time not spent on market work has been disaggregated within a neoclassical frame work, only two categories are usually distinguished, time spent on housework and "pure" leisure. Exam-1) An exception is the paper by Rosenzweig and Schul[z (1983) who use birth weight as an indicator of the output of the household health production function. z ples are the papers by Gronau (1977 Gronau ( , 1980 and Graham and Green (1984) .
In these studies the household production process has only one output, viz. an aggregate of goods. This aggregate can also be bought on the market. Having thus made the output of the household production process observable, tastes and technology can be separated. As a matter of fact, tastes hardly play a role in these papers, because the perfect substitutability of the household production output with a market good generates an efficiency condition that relates the number of hours spent on housework by each spouse to their market wages, at least if they work non-zero hours in a paid job. Gronau assumes the absence of joint production, whereas Graham and Green allow for joint production, meaning that the spouses are allowed to enjoy housework and hence to count part of the tíme spent on it as leisure. In none of the papers, an attempt is made to correct for the selection bias that may result from exclusion of households with non-working spouses. Wales and Woodland (1977) distinguish the same time use categories, and consider a sequence of models that differ from the framework developed by Gronau, but again output of household production is observable, namely total consumption. No correction for selection bias takes place when estimating their models.
The assumptions that the output of the household production process can be reasonably approximated by total consumption (Wales and Woodland) or that the output could also be bought on the market (Gronau, Graham and Green) facilitate the empirical analysis substantially.
Still they are hard to accept at face value. "Home made" is by definition not available on the market, even though advertisers would like us to believe differently.
In this paper we model the demand for goods and the allocation of time by assuming that households maximize a utility function with goods and time spent on various activities as arguments. As is obvious from the analysis of Pollak and Wachter (1975) , the utílity function thua defined is a reduced form that represents the influence of both preferences and technology. As a result, we may have even less intuition than usual about the form of the utility function. Hence a flexible specificatíon, the translog, has been adapted. Since, in principle, our framework is less restrictive than the models of Gronau and Graham and Green, we should be able to see whether these models are compatible with 3 our results. We pay attention to this when discussing the empirícal outcomes of our model.
In section 2 we present the model. In section 3 the estimation method is discussed which consists of a rather simple two step procedure that corrects for selection bias and allows for the incorporation of demographic variables in an elaborate way. The simplicity of the estimation procedure makes it possible to distinguish a large number of activities. Sections 4 and 5 present the data and the results. Although time use is disaggregated, consumption of goods is not, due to lack of data.
Given that we use cross-section data in which all households can be as- (1-1,...,K) ís the time spent on the i-th activity by the male partner, Rfi(1-1,...,K) is the time spent on the i-th activity by the female partner, and y is total household consumptionl).
Maximization of the household utility function takes place subject to:
where p is the price of consumption and wm and wf are the male and female wage rate, respectively, T is the totale number of hours available per period of time and u is non-labor family income2) (e.g. property income or welfare benefits).
Inequality (2.1) can be written as:
1) The data do not allow for a desaggregation of totale household consumption. Of course, it would be preferable to have data that allow for a desaggregation of both time use and consumption.
2) The wage rates and non-labor i ncome are all measured after taxes.
where Y denotes full income. Notice that (2.7) is a conventional budget constraint where all male activities have price wm and all female activities have price wf.
As a specífícation of our model we choose the indirect translog utility function; see Christensen, lorgenson and Lau (1975) : Although the ei have been introduced to represent random preference variation, it is clear from (2.10) that these can also comprise other sources of random variation in viqi, like measurement errors, optimization errors by the household, etc.
Equations (2.10) only apply to households for which the constraints (2.2) -(2.6) are non-binding. Although the theory of rationing developed by Neary and Roberts (1980) provides an appropriate framework for the analysis of corner solutions, only restrictive functional specifications allow for a closed form for the utility maximízing demands in such cases. Therefore, in the estímation of the model we will only use observations on households where both male and female partner have a paid job, i.e. households for which (2.2) and (2.3) are non-binding. We will ignore the constraints (2.4) -(2.6) which are binding for only a limited number of observations. 7
Estimation method
In view of the large number of parameters that have to be estimated maximum likelihood estimation of the complete model must be considered to be infeasible. Therefore, the model will be estimated using a two step estimation procedure which yields consistent estimates and is considerably easier computationally than the maximum likelihood estimator. In the first step we aggregate the Rmi and Rfi to total male leisure Rm and female leisure Rf respectively and estimate the resulting model by maximum likelihood. The ML-estimates are used to correct for selection bias in the second step in which the complete disaggregate model is estimated. As always the budget constraint (in this case the full income constraint (2.1)) allows us to drop one equation. We have chosen to omit the demand for total consump[ion equation.
and we rewrite (2.10): 
where fl is the joint density of smh and sfh (h denotes the observation), f2 is the marginal density of sfh. N is the number of obser-1) We only take into account the most stringent selection rule of excluding non-participating females. In the second step the estimates of Dh are inserted into (3.1a), so that we are left with 2K linear equations, which can be estimated equation by equation using weighted least squares (WLS).
In this second estimation step, the selection bias that arises from using two earner famílies exclusively is accounted for by adding the estimated ínverse of Mill's ratio a a regressor to the linear equations (cf.,e.g., Heckman, 1979 h Notice that a can be calculated directly using the results from the first estimation step. Although the selection rule differs from the standard case, as ít depends on the behavior of a sum of endogenous variables, this complication disappears in practice. Due to the equality of prices within groups of commodíties, perfect aggregation is possible within the commodity groups, so that the behavior of the sum of endogenous variables can be discribed solely in terms of the aggregate model.
In order to allow for the effects of household characteristics on the allocation of [ime, the parameters ai will assumed to be linear functions of these demographic characteristics. By using this specification the possibility to apply WLS in the second step is retained. In the first step symmetry and adding-up will be imposed (homogeneity is satisfied automatically). It is not possible however to impose symmetry and adding-up in the second step, without greatly complicating the computations. From the sample we took the subsample of households containing at least two adults of different sex, where both the male and female partner are employed wage earners. Thus, we excluded the self-employed,
the households with only one adult, the households where the male or female partner is unemployed, retired, going to school, disabled, etc.
After excluding the observatíons with incomplete data, we have a sample of 114 households.
In the estimation of the model, seven types of leisure activities will be distinguished: (For an extensive descríption the reader is referred to Juster et al. (1978) In this section the results of the two step estimation procedure outlined i n section 3 will be presented and discussed.
The parameters ai are specified as follows: Finally, we observe that Smf is very close to Bfm in the second step.
1) Since the estímation of the aggregate model is not our primary aim, we do not present the results of the first estimation step in full detail. 2) Since Dh is negative for all observations, a positive (negative) sign implies a negative (posítíve) effect of the demographic variable on the time spent in activity i.
3) We set p-1, without loss of generality. Since the s's are not amenable to direct interpretation, we concentrate the díscussion of price and income effects on the elasticities Ew~i -ó log R~i~a log wm, Ewfi -8 log Rji~B log wf and Eu~i 3 8 log R~1~8 log u, EY~i -2 log R~1~8 log Y, i a 1,..., K; j -m,f. (table 5.3) and on the elasticities of total conaumption with respect to the wage rates. It is of interest to contrast these outcomes with the simple household production model presented by Gronau (1977 Gronau ( , 1980 . Assuming the absence of joint production he derives predictions of the income effects on pure leisure [ime and time spent on household work. For someone with a paid job the amount of household work done is exclusively a function of the wage rate. An increase in unearned income does not change the market wage, so that the amount of household work will be unaffected and pure leisure will increase, if pure leísure is a normal good. If we take categories IV, V, VI, VII as pure leisure categories, than it is clear that for the male pure leisure increases with a rise in u. However, this rise does not only come at the expense of market work but also at the expense of the household production activities I and II. This is at variance with Grounau's predíctíon. The obvious explanation for this outcome is the existence of joint production. If the male does not like household chores, an íncrease in income is used to reduce the amount of time spent on it, for example by purchasing labor saving appliances. Graham and Green (1984) Regarding an increase in the wage rate, Gronau's model predicts a negative effect on the amount of work done at home. The reason for thia is simply that at a higher wage rate it is more efficient for an individual to purchase commodities in the market than to produce them himself.
Gronau's prediction pertains to individuals rather than to households. A complicating factor in the present context is that if, for example, wf rises, it not only affects the relative cost of home production vis-à-vis purchase in the market, but also the cost of household production by the wife relative to the cost of household production by the male. Both factors work in the same direction, however. If wf increases, the female will spend less time on household production. The Rf results with respect to Éw 1 do not offer much support for this model, f R m but the results with respect to E 1 do: If the male wage rate goes up w m (keeping utility constant) the male reduces the amount of time spent on household production (and more so than in other leísure activities).
If the female wage rate goes up, however, the female increases the amount of time spent on household activities and child care. To understand this result, notice that a rise in wf affects the price of all female leisure activities and that consumption becomes relatively cheaper. Thus we see for example, that the amount of time spent on entertain-ment~social activities and radio~TV~reading increases, probably because the money outlays involved in these activities have relatively fallen.
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The same explanation may hold with respect to child care and household activities. These may be goods-intensíve and hence become more attractive if the relative price of consumption falls. On the other hand personal needs~care (includíng sleeping) ia not goods-intensive and therefore the amount of time spent on it falls with an increase in the wage rate.
Regarding the cross-wage elasticities we note that a rise in the female wage rate increases the male's activities on household work, as could be expected. The complementarity of female and male leisure is mainly due to the pure leisure activities, where it is important to undertake activities jointly (Hill and Juster (1980) report the same result on the basis of the same data, but with a different methodology).
For household activities female and male leisure act rather as substitutes. 22
Concluding remarks
The results of this paper show that there are no great difficulties in modelling time use within a neoclassical framework and estimating a dísaggregated model of time use. By employing a flexible specification of the utility function, we have been able, moreover, to ahed some light on the empirical validity of certain more restrictive models, !n particular Gronau's. A number of issues have not been addressed in this paper, however, that should be the subject of future research. We note a few of them.
We have only used two earner households and corrected for selection bias. Also using one earner households creates major complications (c.f. Lee and Pitt (1983) , Wales and Woodland (1983) , Kooreman and Kapteyn (1984) ), but for a complete understanding of time use behavior, the corner solutions implied by non-working individuals have to be analyzed.
The categories of time use distinguished are an improvement over earlier work with more aggregated data. The empirical results show clearly that relatively little movement in an aggregate time use category may m ask substantial shifts in its components. Evidently, further disaggregation would add extra information. Ideally, one would like to employ data that contain detailed information on time use, household production, stock of durables and consumption. Moreover, these data should be longitudinal in order to generate the price variation that is necessary to identify the connection between time use and the purchase of specific goods.
